Two new furostanol saponins 1-2 and a new spirostanol saponin 3 were isolated together with two known furostanol saponins 4-5 from the roots and rhizomes of Tupistra chinensis. Their structures were characterized as 1β,2β,3β,4β,5β,26-hexahydroxyfurost-20(22), 25(27)-dien-5,26-O-β-D-glucopyranoside (1), 1β,2β,3β,4β,5β,6β,7α,23ξ,26-nona-hydroxyfurost-20(22) ).
Introduction
Tupistra chinensis Baker., a species in the Tupistra genus of the Liliaceae family, is used as an endemic herbal medicine, known as "Kai-Kou-Jian", in the Qinba Mountains of Shaanxi Province in China [1] . The roots and rhizomes of T. chinensis are commonly used as folk medicine to treat throat irritation, rheumatic diseases and snake-bites [2, 3] . Modern pharmacological experiments have showed that the extracts of this species possess significant antitumor activities [4, 5] , moreover, two main kinds of componentscardenolides and saponins-were isolated from T. chinensis [3, 6, 7] . As part of our research project to find more diverse bioactive leading compounds from the medicinal herbs of the Qinba Mountains [8] [9] [10] [11] , the chemical constituents and pharmacological studies of T. chinensis were investigated, and two new furostanol saponins, 1β,2β,3β,4β,5β,26-hexahydroxyfurost-20 (22) 
Results and Discussion
Compound 1 was obtained as a white amorphous powder, which showed positive reactions in the Liebermann-Burchard, Ehrlich and Molisch reactions, suggesting that 1 was a furostanol glycoside. Its molecular formula was determined as C39H62O17 from the HR-ESI-MS peak at m/z 801. and 71.7 were due to eight oxygenated carbon groups, which indicated that 1 was a furostanol saponin with multiple hydroxyl groups. The structure of 1 was finally determined by analysis of its 2D NMR data (see Figure 2 ). The HMQC experiment allowed for the assignments of the proton and protonated carbon resonances in the NMR spectra of 1. HMQC correlations of (δH 5.35 (H-27a) and 5.04 (H-27b)) to δC 111.6, showed the appearance of a terminal olefinic bond at C-27. Then, HMBC correlations of H-27/C-24, C-25 and C-26, H-24/C-22, C-23, C-25 and C-26, H-26/C-24, C-25 and C-27, indicated that the appearance of an isopentene group, linked at C-22 of the tetrahydrofuran ring of the furostanol saponin. Moreover, HMBC correlations of H-19/C-1, C-5, C-9 and C-10, H-3/C-1, C-2 and C-5, and H-6/C-4 and C-5, indicated that all hydroxyl groups were linked at C-1-C-5 of the A ring of the furostanol saponin (see Figure 2) . Furthermore, the remaining HMBC correlations of H-18/C-12, C-13, C-14 and C-17, H-16/C-13, C-17, C-20 and C-22, H-21/C-17, C-20 and C-22, were assigned (see Figure 2) . Therefore, the aglycone of 1 was identified as 1, 2, 3, 4, 5, 26-hexanol-furost-20 (22),25(27)-dien. In addition, the HMBC correlation signals of H-Glc-1′/C-5 and H-Glc-1′′/C-26, indicated that glucosyl groups were connected as (Glc-1′′-O-C-26) and (Glc-1′-O-C-5) (see Figure 2 ). The two glucosyl moieties were identified as D-glucose by acid hydrolysis of 1, followed by TLC comparison with a reference compound and optical rotation determination [12] , and judged to be in a β-configuration [13] from the coupling constants of the anomeric protons (7.8 Hz and 7.7 Hz, respectively). In the NOESY spectrum of 1, the NOE correlations of Me-19/H-8, H-9/H-4, H-4/H-3 and H-2, and H-2/H-1 were observed (see Figure 3 ). In addition, the glucosyl moiety was identified as β-D-glucose by the acid hydrolysis procedure and the coupling constant analysis of the anomeric proton (J = 7.8 Hz), according to the same protocol as that described for 1. Thus, the planar structure of 2 was deduced as 1,2,3,4,5,6,7,23,26-nonanolfurost-20(22),25(27)-dien-26-O-β-D-glucose. In the NOESY spectrum of 2, the NOE correlations of Me-19/H-8, H-4/H-2, H-3 and H-9, and H-2/H-1 were observed, indicating α-axial configurations of H-1, H-2, H-3, and H-4, and β-orientation of Me-19, 1-OH, 2-OH, 3-OH, 4-OH and 5-OH, which supported the A/B cis ring junction pattern (see Figure 3) . Besides, NOE correlation of H-7/H-8 was observed and no correlation signals was occurred between Me-19/H-6, which indicated α-axial configuration of 7-OH and β-orientation of 6-OH (see Figure 3) . Finally, the NOE correlations of H-8/Me-19 and Me-18, and H-14/H-16 and H-17, supported the B/C and C/D trans ring junction pattern; and the NOE correlations of Me-18/H-15b, H-15a/H-16 and H-17, and H-17/Me-21, suggested the α-orientation of Me-21 (see Figure 3) . Therefore, compound 2 was identified as 1β,2β,3β,4β,5β,6β,7α,23ξ,26-nonahydroxyfurost-20 (22) C-NMR spectrum exhibited 32 carbon signals, 27 of which were attributed to the aglycone carbons, while the remaining signals were assignable to a characteristic of a xylosyl moiety (δC 104.1, 75.8, 78.9, 71.5 and 68.1), which was identified as β-D-xylose by the coupling constant analysis of the anomeric proton (J = 7.2 Hz), the acid hydrolysis procedure, TLC comparison, and the optical rotation determination. Among the aglycone carbon signals, the quaternary carbon signal at δC 109.9 (see , Table 1 ), was identified as an acetal carbon (C-22), a characteristic signal of spirostanol or norspirostanol saponin [14] . In HMBC spectrum, the anomeric proton , see Tables 2 and 3) . Considering 3 is a spirostanol saponin, our results showed the cytotoxic activity of this type of steroidal saponin as mentioned in the literature [8, [17] [18] [19] . The data are expressed as mean ± SD of three independent experiments (** p < 0.01 vs. control). The data are expressed as mean ± SD of three independent experiments (** p < 0.01 vs. control).
Experimental Section

General Information
The IR spectra were recorded on a TENSOR-27 instrument (Bruker, Rheinstetten, Germany). ESI-MS was performed on a Quattro Premier instrument (Waters, Milford, MA, USA). The HR-ESI-MS spectra were recorded on an Agilent Technologies 6550 Q-TOF (Santa Clara, CA, USA). 1D and 2D NMR spectra were recorded on Bruker-AVANCE 400, Bruker-AVANCE 500 and Bruker-AVANCE 600 instrument (Bruker, Rheinstetten, Germany) with TMS as an internal standard. The analytical HPLC was performed on a Waters 2695 Separations Module coupled with a 2996 Photodiode Array Detector and a Accurasil C18 column (4.6 mm × 250 mm, 5 mm particles, Ameritech, Chicago, IL, USA). Semipreparative HPLC was performed on a system comprising an LC-6AD pump (Shimadzu, Kyoto, Japan) equipped with a SPD-20A UV detector and a Ultimate XB-C18 (10 mm × 250 mm, 5 mm particles) or YMC-Pack-ODS-A (10 mm × 250 mm, 5 mm particles). D101 was from Sunresin New Materials Co. Ltd. (Xi'an, China). Silica gel was purchased from Qingdao Haiyang Chemical Group Corporation (Qingdao, China).
Plant Material
The roots and rhizomes of T. chinensis Baker were collected from the Taibai region of Qinba Mountains in Shaanxi Province, China, in August 2010, and identified by senior experimentalist Jitao Wang. A voucher specimen (herbarium No. 20100816) has been deposited in the Medicinal Plants Herbarium (MPH), Shaanxi University of Chinese Medicine, Xianyang, China.
Extraction and Isolation
The air-dried and powdered underground parts of T. chinensis (1.5 kg) were extracted with 65% EtOH (15 L) three times at 80 °C. The combined EtOH extracts were evaporated to 6 L, and applied to a resin D101 column, eluting with H2O, 20% EtOH, 60% EtOH, and 95% EtOH to give four fractions (Fr.1-Fr.4). Fr.3 (75 g) was subjected to column chromatography (CC) on silica gel, eluting with gradient solvent system (CHCl3-MeOH-H2O, 100:0:0-0:50:50) to yield nine fractions (Fr.3-1-Fr.3-9 ). Fr.3-6 (5 g) was separated over silica gel using CHCl3-MeOH (100:1-50:50) as eluent to obtain eight fractions (Fr. 
Acid Hydrolysis of Compounds 1, 2, 3 and Absolute Sugar Configuration Determination
The solutions of compounds 1 (3 mg), 2 (3 mg) and 3 (5 mg) were hydrolyzed with 2N HCl (5 mL) for 5 h at 80 °C, respectively. The reaction mixtures were concentrated and dried by N2, and then water (5 mL) was added and the mixtures were extracted with EtOAc (3 × 5 mL). The aqueous layers of 1 and 2 were subjected to CC over silica gel eluted with MeCN-H2O (8:1) to yield D-glucose, which was determined by TLC comparison (MeCN-H2O, 6:1) with the authentic sugar and the optical rotation determination ), respectively, (see Tables 2 and 3) .
Supplementary Materials
IR, HR-ESI-MS, 1 H-NMR 13 C-NMR and 2D NMR spectra for compounds 1-3 can be accessed at: http://www.mdpi.com/1420-3049/20/08/13659/s1.
